Introduction
Viral upper respiratory tract infections (URIs) are the most common diseases affecting the human population and continue to account for significant patient morbidity, mortality, and health care costs annually [1] . Teele et al. [2] have shown that by the age of 1 year, more than 60% of children have had at least one episode of acute otitis media (AOM), and by the age of 3 years, more than 40% of children have experienced more than three episodes of AOM. In fact, $3 to $4 billion are spent annually on the medical and surgical treatment of AOM alone [3] . Although antibiotics are the primary treatment for most patients with AOM, a recent meta-analysis demonstrated a relatively modest (13.7%) benefit from this therapy [4] . In addition, ever-growing antibiotic resistance patterns are making therapy for OM significantly more difficult [5] . Concomitant viral infection in cases of AOM has also been proposed as a reason for failure of antibacterial therapy [6] . Moreover, children with hearing loss as a result of prolonged bouts of OM might experience significant problems with speech and language acquisition [7] . There is no question that a better understanding of the pathophysiologic and molecular mechanisms relating viral URIs and AOM will lead to the development of new therapeutic alternatives. Today, a significant number of alternative therapies exist for the treatment of OM. However, the role of these interventions in the setting of viral OM is unclear.
Epidemiology
Epidemiologic studies suggest that a viral URI might precede more than 50% of cases of AOM [8] . Furthermore, Finnish studies have demonstrated a significant correlation between monthly episodes of AOM and the seasonal occurrence of viral URIs [9] . Specific viruses isolated from the upper respiratory tract during episodes of AOM include: influenza (INF) A and B viruses, respiratory syncytial virus (RSV), adenovirus, parainfluenza virus, mumps virus, coronavirus, enteroviruses, and the rhinoviruses (RV), with RSV being the most frequent. Although the reasons for the apparent increased association between RSV-mediated URIs and AOM remains unknown, this finding might be related to the timing of the studies during RSV epidemics or the variation in the sensitivities of methods of viral detection [10, 11] . Another potential interpretation is that RSV is more otologically virulent than other viruses [12• ].
Pathogenesis
The two most clearly documented factors implicated in the pathogenesis of OM are bacterial infection of the middle ear (ME) space and eustachian-tube (ET) dysfunction. However, clinical and human experimental investigations suggest that the temporal association between viral URIs and episodes of AOM represents a causal relationship. Using either RSVenriched globulin or inactivated, live, attenuated INF vaccines, significant reductions in the incidence of AOM in selected pediatric populations have been achieved [13-16,17•] . Moreover, in human viral challenge experiments, as many as 20% of individuals infected with one of the common respiratory viruses (INF, RV, or RSV) developed OM following nasal inoculation. In contrast to the epidemiologic findings mentioned, comparative analysis between the various virus-infected groups has shown that INF A infection is significantly more likely to result in OM than are either RSV or RV [18] [19] [20] . These studies and others indicate a clear, causal role for viral URIs in the pathogenesis of AOM. There-Acute otitis media (AOM) and viral upper respiratory tract infections (URIs) represent the two most common diseases affecting the human population, and account for substantial patient morbidity and health care costs. Epidemiologic and experimental studies suggest that URIs play a causal role in the pathogenesis of AOM. Specifically, viruses can either invade the middle ear (ME) space and invoke an inflammatory response that culminates in ME effusion formation and consequent symptoms, or URIs might cause eustachian-tube dysfunction, resulting in negative ME pressures and subsequent ME effusion (hydrops ex vacuo theory). The events responsible for the inflammatory response of the human ME following viral exposure have not been well characterized. Although many prophylactic and therapeutic interventions have been evaluated for the treatment of AOM, the information on virusspecific interventions is sparse. In this article, the epidemiology, pathogenesis, diagnosis, and management of viral otitis media are reviewed.
fore, a significant impact on the incidence and prevalence of OM could be realized by rational interventions in viral URI pathogenesis as it relates to the formation of OM.
The mechanisms whereby viral URIs result in ME inflammation (ie, OM) and effusion formation have not been well characterized. Respiratory viruses can directly invade the ME cleft, resulting in inflammation. Viruses can also disrupt normal ET-ME physiology and immune function, thereby predisposing the ME to secondary bacterial or viral infection or sterile effusion formation by unknown mechanisms (ie, hydrops ex vacuo theory).
Substantial evidence supports the theory that viral infection of the ME space plays a role in the pathogenesis of OM. Viruses can invade the ME as either a sole pathogen or as a coinfectious agent with bacteria and, rarely, with other viruses. Viruses have been identified in the effusions of patients with AOM. For example, Ruuskanen et al. [9] summarized the results of 15 studies using either standard culture techniques or virus-specific antigen detection methods. In these studies, which were performed between 1955 and 1988, 10% (n = 1221; range 0 to 55%) of ME effusions were positive for, at least, one of the respiratory viruses during episodes of AOM. More recent studies using modern viral culture techniques or virus-specific ELISA (enzyme-linked immunosorbent assay) have demonstrated significantly higher rates (17%) of viral detection (n = 591; range 7% to 32%) [10] .
The most recent studies, using molecular biologic techniques, have demonstrated a substantially greater incidence of viral presence in ME effusions. In these studies, reverse transcriptase-polymerase-chain reaction (RT-PCR) has been used as a highly sensitive technique for identifying pathogen-specific genomic sequences in approximately 50% of ME effusions [11,21•] . In an INF A human challenge experiment in Pittsburgh, RT-PCR was used to identify INF A RNA (and Streptococcus pneumoniae DNA) in the ME effusion of a subject with culture-negative AOM [18] . This study clearly demonstrated that INF virus was present in the ME space at some time prior to myringotomy. Similar RT-PCR findings for bacterial positivity have indicated active, ongoing infection rather than persistence of archival genomic material [22] . Clearly, these findings for viral ME infections must be corroborated. However, such results support the fact that viruses can directly invade the ME space in some cases of AOM.
Many studies also support the concept that viral URIs can alter normal ET-ME physiology. This outcome might also be an important event in the initiation of AOM. During naturally occurring URIs, abnormal ME pressures and ET dysfunction have been documented using standard testing protocols [23] . To further study the effects of viruses on the ET-ME system, human and animal experimental systems were developed. In humans, intranasal inoculation of healthy adult volunteers with RV type 39, RV Hanks, INF A, or RSV can reliably result in ET-opening failure, abnormal ME pressures, and AOM [18, 19, 24, 25] . The temporal pattern of the observed otologic consequences (ie, ET obstruction > ME underpressure > OM) suggests a causal mechanism. That is, viral URIs disrupt normal ET-opening function, which results in ME underpressures, and subsequent ME effusion formation. Because the ME is essentially a noncollapsible gas pocket, ME underpressures are thought to predispose to effusion formation by either aspiration of infectious nasopharyngeal secretions through the ET, with consequent exudation (ie, inflammation) or underpressure-induced transudation (ie, hydrops ex vacuo theory).
The studies discussed earlier document the responses of the human ET-ME system to viral challenge. In contrast, investigating the effects of viral URIs on the ET-ME system of animals provides the opportunity to study specific factors while controlling for many of the confounding variables inherent in human investigations. Invasive methodologies not applicable to the human experimental system might also be used to elucidate the cause and effect relationships more clearly in animal models.
The chinchilla (Chinchilla laniger) has been used extensively to study the role of viral URIs in the pathogenesis of AOM [26] [27] [28] [29] . Collectively, this group of studies indicates that intranasal inoculation of the chinchilla with either INF A or adenovirus can result in: 1) impairment of both ME pressure maintenance (ie, ventilatory function) and clearance functions of the ET; 2) potentiation of AOM formation when co-inoculated with bacteria (either S. pneumoniae or Hemophilus influenzae); and 3) similar histopathologic changes in the ET and ME, which correlate with the functional impairments observed. Interestingly, in a finding similar to a previous human study, ascension of both adenovirus and nontypeable H. influenzae through the ET to the ME was reported following intranasal inoculation [18, 30] . A similar synergistic relationship could not be documented for coinfection with adenovirus type 1 and Moraxella catarrhalis using the same chinchilla model [31] . Using an intrabullar inoculation model, Chung et al. [27] demonstrated that INF A exposure results in morphologic damage to the mucosal epithelium, capillary engorgement, subepithelial hemorrhage, tissue edema, and inflammatory cell infiltration. In that study, neutrophils were the earliest cells to enter the ME following inoculation.
Investigators have noted that in cases of bacterial and viral coinfection, OM is more severe, less responsive to antibiotics, and associated with a longer duration of effusion [8] . Explanations for these findings include viral effect on neutrophil function, local reactions interfering with antibiotic concentrations, and the induction of inflammatory mediators with enhancement of the degree of inflammation [32] . The mechanisms of these interactions might be nonspecific, but in some cases appear to be pathogen specific. The association between INF A and pneumonia secondary to S. pneumoniae has long been recognized. This association has also been demonstrated in experimental OM, as previously described [18] . The tendency of these two pathogens to cause coinfection might, in part, be explained by the changes in the binding capacity of nasopharyngeal and ET epithelial cells [33] . Hirano et al. [34] recently recognized changes in lectin-binding properties of murine nasopharyngeal mucosa in mice inoculated with INF A. Cultures from the nasopharynx of these mice suggested that alteration in the glycoconjugate structure lining the nasopharyngeal mucosa is associated with a reduction in bacterial clearance. These studies demonstrate a method by which a virus enhances the pathogenicity of a specific bacteria rather than simply enhancing a nonspecific inflammatory response.
Diagnosis
The diagnosis of URIs and AOM is routine practice for most clinicians. However, determining the specific pathogen causing an episode of OM is challenging, if not impossible at times. When clinically indicated, myringotomy and culture can be performed. Although this might be practical in some cases of bacterial AOM resistant to therapy, most laboratories are not equipped to perform timely identification of viral pathogens. Given the paucity of antiviral therapies available to the clinician, identification of viral pathogens is not currently a clinical issue. However, as effective antivirals are developed, the rapid identification of the viral pathogen responsible for a URI and/or AOM will become necessary.
Management
Given our lack of ability to distinguish between an episode of viral OM and bacterial OM, the management remains empiric. The discussion of the management can be separated into the prophylaxis of AOM and the treatment of AOM.
Prophylaxis
The prophylaxis of viral OM essentially implies either prevention of AOM as a complication of URI or prophylaxis of URI itself. Prophylaxis of recurrent AOM with antibiotic therapy has been extensively studied. Although these studies are not limited to cases of viral URI, given the association between URI and AOM, some conclusions can be inferred. In 13 randomized, placebo-controlled trials, antibiotic prophylaxis reduced the incidence of AOM by 0.12 episodes per patient-month [35] . Given the rising incidence of antibiotic resistance and the modest benefit observed with prophylaxis, it seems prudent to limit antibiotic prophylaxis to high-risk individuals. High-risk individuals include patients who are very young, immunocompromised, at risk for suppurative or systemic complications, or those with craniofacial growth abnormalities. Patients with cochlear implants and recurrent AOM should also be considered for prophylaxis.
Other systemic medications used for treatment of URIs include antihistamines, decongestants, nonsteroidal antiinflammatory drugs, vitamin C, and glucocorticoids. Although some of these agents have been found to improve symptoms, their efficacy in preventing the development of OM has not been determined [36] . Zinc used as either loz-enges or as nasal spray has recently received a great deal of attention in the marketplace. The use of zinc for the treatment of URI has been studied extensively, and results are inconclusive. Zinc has not been shown to decrease the severity or duration of the symptoms of the common cold, and its effect on the incidence of associated OM is not clear [37] .
Topical medications such as nasal decongesants and intranasal steroids likewise have not been shown to decrease the incidence of URI-associated AOM. In a recent clinical trial, Ruohola et al. [38] studied 210 children with URI. The children were randomized to receive either intranasal fluticasone or placebo. AOM occurred in 38% of children treated with fluticasone and 28% of children who received placebo. The difference was not statistically significant. Interestingly, when the cause of the URI was determined to be RV, administration of fluticasone was associated with a statistically significant increase in the incidence of AOM.
Prophylaxis of URI and AOM with vaccination has been studied during the past decade. The INF vaccine has been shown to reduce the incidence of OM in selected populations. Heikkinen et al. [14] vaccinated 187 day-care center children with standard, inactive INF vaccine and compared results in these children with those in a control group of children who had not received the vaccine. INF was diagnosed in 3% of the of the vaccinated group and 16% of controls. During the INF epidemic, 60% of the vaccinated group developed OM compared with 67% of the controls. The overall incidence of OM associated with INF A was reduced by 83% in the vaccinated group. The total number of children diagnosed with OM in the vaccinated group was 18.7%, compared with 29.4% in the control subjects. Therefore, the administration of the INF vaccine resulted in a 36% reduction in the incidence of AOM from all causes. Clements et al. [15] vaccinated children aged 6 to 30 months and found a 32% reduction in the incidence of AOM during the INF season and a 28% reduction in the incidence of serous OM. More recently, Marchisio et al. [39] performed a single-blinded, prospective, randomized, controlled trial that demonstrated a 43.7% reduction in episodes of AOM in children vaccinated with the inactivated, virosomal subunit INF vaccine. In other clinical trials, the live, attenuated intranasal INF vaccine has been shown to reduce the incidence of febrile AOM by 30% [16,17•] . No difference was seen in the incidence of afebrile AOM. The attenuated vaccine has some advantages in that it generates a broader immune response with greater longevity. However, if vaccines are not sufficiently attenuated, a greater incidence of side effects can be expected. The study group consisted of only children with recurrent AOM.
The preliminary results from these trials using INF vaccines are encouraging, and the next logical step would be to investigate vaccines against other viruses. Currently, both live and subunit RSV vaccines are under investigation [40] . These vaccines have not been shown to offer protection against lower airway disease in children, and their efficacy against OM has not been investigated.
Passive immunity with high doses of RSV immunoglobulin appears to have a significant impact on preventing both RSV-and non-RSV-related AOM in high-risk populations [13] . A major drawback of passive immunization is the high cost associated with the monthly injections. More research must done in this area to reduce the substantial morbidity associated with RSV infections of both the upper and lower respiratory tracts. Currently, this intervention should be limited to high-risk patients.
Parainfluenza virus types 1, 2, and 3 are a third class of viruses causing OM. Currently, two vaccines against type 3 have been tested in infants and have been found to be safe and immunogenic. However, data to support their efficacy in reducing URI and OM is lacking [41] . Antiviral therapy for rhinovirus infections has been undergoing extensive research, with several drugs emerging. Pirodavir is a capsidbinding, anti-picornaviral drug with activity against human rotavirus (HRV). Pirodavir has been shown to reduce the frequency of abnormal ME pressures only when used prophylactically [42] . The role of this drug in prophylactic therapy of URIs is unclear.
The use of recombinant interferon in the treatment of URI has been studied, and results demonstrate some benefit with respect to the otologic complications of HRV infection [43] . When given within 36 hours of infection, interferon therapy was associated with early resolution of ET function and reduced viral shedding. More recently, several agents tested seem to have some benefit in experimental HRV or coxsackievirus infection. These include receptor-decoy soluble intracellular adhesion molecule-1 (sICAM-1), the antipicornavirus capsid-binder pleconaril, and HRV3C protease inhibitor [44] . More extensive investigation is needed to determine the safety and efficacy of these agents.
Several medications are currently available that show activity against INF A. In a randomized, double-blinded, placebo-controlled study of rimantadine consisting of 105 patients, rimantidine administered 48 hours after inoculation had a beneficial effect for virus shedding, symptom load, and sinus pain [45] . However, rimantadine had no effect on otologic complications. The neuraminidase inhibitors zanamavir and oseltamivir have also been studied, with more encouraging results. When given early in the course of disease, both drugs have been shown to reduce otologic manifestations of INF infection [46, 47] .
Surgical prophylaxis of recurrent AOM consists of tympanostomy tube placement with or without adenoidectomy. Prospective, randomized trials investigating the efficacy of tympanostomy tube placement have shown that tubes decrease the total time spent with OM as well at the morbidity of the episodes of OM when compared with placebo [48] . Adenoidectomy has been shown to decrease the incidence and duration of AOM and, therefore, should play a role in prophylaxis [49] . However, the risks of adenoidectomy limit its use to more severely affected patients-that is, those patients of appropriate age who have failed primary tympanostomy tube placement, and those patients categorized as high-risk, as described earlier. In general, surgical prophylaxis of AOM is reserved for those patients who fail medical therapy, or those patients categorized as high-risk. Given the encouraging results from clinical trials with the INF vaccine, vaccination should be considered during the appropriate season in children who have significant recurrent AOM but do not meet criteria for surgical prophylaxis. Both surgical and medical prophylaxis should be considered when indicated for high-risk patients.
Treatment
Because clinicians do not have the ability to rapidly determine the etiology of each case of AOM, treatment of all cases of AOM is empiric. Currently, there is no viral-specific therapy available; therefore, a discussion of the treatment of viral AOM essentially relies on information derived from the treatment of all cases of AOM. The goals of treatment of AOM include symptomatic relief, prevention of complications, and clearance of effusion with normalization of hearing. In general, therapeutic decisions should be made on an individual basis, with high-risk patients requiring more aggressive intervention. Any treatment of AOM must be evaluated against the natural history of the disease. Placebo-treated, nonsevere OM demonstrates a spontaneous resolution of pain and fever by 4 to 7 days in up to 88% of children [50] . Clinical resolution of all signs and symptoms occurs in 73% of children by 7 to 14 days. The only exception is ME fluid, with 47% clearing fluid by 2 weeks, 60% by 1 month, and 75% by 3 months. Given this high rate of spontaneous resolution, it is difficult to demonstrate the efficacy of interventions in cases of AOM without studies involving very large numbers of patients.
The current standard treatment for AOM, at least in the United States, is a course of antibiotics and analgesics. Placebo-controlled clinical trials demonstrate significant symptom relief using antibiotics at 2 to 7 days, with a 13% improvement in complete clinical resolution [51, 52] . It should be noted that these trials exclude highrisk children. The dramatic decrease in incidence of suppurative complications since the advent of antibiotics lends additional support of the theory that antibiotics play a major role in AOM. Given that pain is a major component of the morbidity of AOM, analgesic therapy seems to be beneficial.
The use of systemic and topical steroids has been extensively studied in the setting of OM effusion (OME), but there are few data concerning their use in AOM. The use of steroids, both intranasal and systemic, in the setting of OME is controversial. A recent review of clinical trials concluded that although steroids alone or in combination with an antibiotic might lead to a more rapid resolution of OME in the shortterm, there is no evidence of a long-term benefit [53] . More trials are necessary to determine the role of steroids in AOM; however, the risks of systemic steroids would probably outweigh any benefit that might be obtained over antibiotics alone. The use of systemic decongesants and antihistamines for the treatment of AOM has been extensively studied, and there appears to be no benefit for the use of these medications in this setting [54] .
Conclusions
Viral organisms clearly play a major role in the pathogenesis of OM. The cellular virus-host interactions that ultimately lead to OM are not well characterized. Sophisticated methods to identify viral elements are available, and in the future might be clinically applicable for the treatment of URI and AOM. Until these methods are available, the use of specific antiviral medications will be limited. The use of vaccination in the prophylaxis of AOM shows great promise, and more work needs to be performed both in the laboratory to develop more effective vaccines, and in the clinic to determine the role of currently available vaccines.
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